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1. _Introduction 


The primary purpose of these measurements in Johnstone Strait was 
to investigate the flushing mechanism of the Strait of Georgia by 
simultaneously measuring the currents in Johnstone Strait and Juan de Fuca 
Strait. To this end continuous records of currents, (and temperature and 
conductivity at some locations) were obtained in Johnstone Strait for a 
period approaching four months. Temperature and salinity profiles were 
also taken at eleven stations along the strait. 


2. Instrument Deployment 


Nineteen current meters distributed among five arrays were 
bottom-moored across Johnstone Strait 1 1/2 miles west of Port Neville, 
(Figure 1). The arrays consisted of either two or five current meters 
with each meter attached to its own buoyancy float by a 3 metre length of 
3/4 inch polypropylene line (Figure 4). The anchoring system consisted 
of two anchors joined by a one-inch polypropylene ground line. One anchor 
of two railway wheels was placed under the meter string and the other 
anchor of one railway wheel was attached to the other end of the 600 metre 
ground line, used to recover the arrays. These arrays were moored from 
February 20 to June 11, 1973, and were serviced once during this time 
(April 9-11). All moorings were laid from the C.S.S. Parizeau. 


The positions have been labelled 1 to 5 starting from the 
mainland, or north side of the strait. In our standard three figures 
notation for station numbers and three figures for depth (in metres from 
the surface), the current meters are designated by a six-figure number 
(e.g. 002075 - station 2, depth 75 m) and used throughout this paper to 
identify each particular position where measurements were taken. 


The current meters were moored to record at depths of 15, 75, 
150 and 225 metres from the surface and 5 metres above the bottom. The 
two end arrays, moored in shallower water than the middle three, carried 
two meters each, while the middle three arrays were broken down into two 
strings each, with one string carrying only one meter at the 15 m depth, 
while the other string carried four meters at the remaining depths. The 
reason for mooring the 15 m current meters on a separate string was to 
minimize losses in case the near surface meters and floats became entangled 
with tow lines from the large number of tugboats which use the strait. 
Especially worrisome are the tugs with log booms, which because of their 
slow speed, tend to drag the arrays for miles rather than cut the lines. 


The two arrays on either side of the strait, Stations 1 and 5, 
were anchored on a steeply sloping bottom with a surface buoy attached to 
the single railway wheel at the other end of the ground line. These 
buoys were glas donut type fitted with flashing lights and radar 
reflectors. The surface buoys were used to aid in the recovery of the 
array because of the difficulty in dragging for a ground line over such 
a steep and rocky bottom so close to the shore. Station 5 on the Vancouver 
Island (south) side of the strait was never recovered, although the 


surface buoy was found in Forward Bay, ten miles west of its moored 
position. For this reason the array has been left out of Figure 3 as there 
is no data for the meter positions. Station 1 was actually moored 35 metres 
deeper than anticipated due to the steepness of the bottom at that point. 


STD measurements were made over two nights, April 10 and 11, with 
the measurements on the first night consisting of five stations in mid- 
channel and run from east to west over a 30 mile stretch. On the second 
night ten measurements were taken one hour apart in latitude 50°28'N and 
longitude 126°06'W. 


3. Instruments 


Two makes of current meters were used on this project, the 
Aanderaa RCM4 and the Neyrpic CMDR. The former current meters recorded 
the average speed over a 15 minute interval and the instantaneous 
direction at the end of each period on 1/4 inch magnetic tape. In addition, 
every Aanderaa meter recorded the temperature, three recorded the pressure 
and two the conductivity. The manufacturer's specifications for the 
Aanderaa current meters are: direction +5°, temperature +0.1°C and 
pressure +1%; speed and conductivity are not specified but the speed 
range is given as 1.5 -250 cm/sec. Since it was not possible at the time 
to calibrate the pressure sensors for absolute depth or long-period drift, 
only relative changes in pressure are meaningful. The Neyrpic CMDR 
current meters accumulate a pulse count from an impeller and, together 
with an instantaneous compass direction, are punched on a Friden paper 
tape every ten minutes. The manufacturer specifies that the operating 
range of the instrument is 3-600 cm/sec with the relationship between 
current speed and impeller speed accurate to within 1%. 


The STD casts were made on a Bissett-Berman model 9006. 
Calibration of the instrument has been based upon the numerous casts 
made during the Strait of Juan de Fuca portion of the project. These 
suggest that on the average the instrument ranged from 0.12 °/oo high 
at the surface to 0.16 °/oo high at a depth of 220 m, while temperature 
readings were nearly 0.08°C low at all depths (Thomson, 1976). 
Manufacturer's specifications for this instrument are +0.03°C for 
temperature, +0.05 /oo for salinity and +1% for depth. 


4. Results 


far Mooring Motion 


Because of the subsurface floatation there was, at times, 
considerable tilt in the lines. This problem was somewhat aggravated 
by the original underestimation of the current speeds involved, 
particularly at depth. According to Thomson, the data shows that the 
mooring cable was bowed concave upward, and this observation has been 
verified by a computer model for the mooring system. He also states 
that for a given segment of the cable, the maximum tilt angles would 
have occurred at the bottom and minimum angles at the surface, with 
the effect of floatation above each instrument reducing the local wire 
angle by a few degrees. As a consequence, the current meters below 


mid-depth would have been susceptible to a slight underestimation of the 
horizontal speeds which, as the extreme, would have amounted to a reduction 
of 0.9 (0=56°) from the actual value. Above mid-depth on the other hand, 
we can assume that the moorings were approximately vertical under all but 
the most extreme conditions, so that measured speeds represented true speeds, 
and depth excursions that took place at mid-depth instruments were also 
applicable to those at shallower levels. Lastly, we note that although 
depth increases were at times large, they represented few samples out of 
the data set. Of the nearly 6000 15-minute interval pressure records at 
003150, for example, only 49 corresponded to depth increases over 40 m and 
only six gave increases over 55 m; 92% of the recorded depth increases 

were between 0-20 m, and the mean was 7 m with a standard deviation of 

+10 m (Thomson, 1976). 


Nominal depths have been used to show the data, and no 
corrections have been applied to the speeds. 


4.2 Current Observations 


Of the fifteen Aanderaa current meters used, only three failed 
to function the whole time (Table 2). One failed because of rotor trouble, 
and the other two because of low clock batteries. Two meters were lost 
from Station 5, and were not replaced, and the subsurface floatation buoy 
at Station 004075 sank after ten days, disrupting readings from the meter 
at Station 004225. 


Of the nine CMDR current meters used only three functioned the 
whole time (Table 1) and one other worked for 33 out of 49 days before 
the paper take-up jammed. All the rest, except for the two on Stafions 
004150 and 004310 that functioned for the 9 days before the sinking of 
the buoy at Station 004075, had impeller trouble from electrical contacts 
on the gearing mechanism becoming corroded through heavy sparking. 
These meters were not as efficient as the Aanderaa meters and are the main 
cause of the large gaps in the data. 


One of the surprising aspects of Johnstone Strait was the 
magnitude of the tidal currents in the deep water. The amplitude of Mj, 
the principal semi-diurnal constituent, for stations at 250 metres was 
double that for stations at 15 and 75 metres. The amplitude of My above 
100 m was fairly constant at 26 cm/sec (+3 cm/sec), but below 100 m it 
increased to a maximum of 48 cm/sec around 250 m with a corresponding change 
in the Greenwich phase (~30 minutes). The amplitude of the principal 
diurnal constituent, K) increased from 8.5 cm/sec at the surface to 13 cm/sec 
at depths of 150 m and 225 m. However, the Greenwich phase angle of Kj 
varied far greater than that of Mj changing by as much as 90° from top to 
bottom, with the surface water lagging the deeper water by about 6 hours. 


Another interesting feature in this area is the distribution of 
the residual current (Total current - tidal current = residual current). 
There is a null speed level at a depth of 100-120 metres; above this depth 
the residual current is west-going and below it, east-going. On the 
surface the average speed is 24 cm/sec and appears to decrease with depth 
to the zero speed depths of 100-120 metres. Below 120 metres the 


residual current increases again until a maximum speed of 20 cm/sec is 
reached around 250 metres. 


The extent of the bias in the upper and lower depths of the Strait 
is shown by the records of the up-strait component at Station 003 at 15 m 
and 250 m depths on pages 12-14. The records are typical of the data 
observed in Johnstone Strait. 


From page 30 the temperature and salinity graphs are shown as 
recorded on the Aanderaa current meters. The meters were not calibrated 
before or after the survey, and the manufacturer's calibration rating for 
the temperature and conductivity sensors has been used. 


On June 23, 1976, the current meter from Station 5 at 15 m depth 
was, by great good fortune and luck, recovered. The 1/4 inch wire used 
between the two current meters at the station must have parted after nearly 
three years immersion (which is longer than one would expect). The sub- 
surface float, together with the current meter, which was attached to the 
float by a ten-foot polypropylene rope, were found and recovered by a local 
fisherman. Although the bottom end-plate of the Aanderaa current meter was 
missing and the instrument itself was a write-off, we were fortunate in 
being able to recover the magnetic tape and all the data. The progressive 
vector diagram (p 147) showed a definite change in characteristics after 
twenty-seven days, and because of this the data has been broken down into 
two sets (pp 148-155). The first set of data runs for twenty-seven days, 
and is assumed to be in position at the 15 m depth, while the second set is 
the last thirty-eight days and is listed at 55 m depth. As there was no 
pressure transducer on the instrument, the depth of 55 m is an educated 
guess. The geographical position of the instrument for the second set in 
all likelihood is close by, but could be miles away. Due to the steepness 
and rocky nature of the bottom on the original position, the odds are that 
the instrument was not moved too far before the anchors would become jammed 
on the bottom and part the buoy lines. 
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1. INTRODUCTION 


The 1973 oceanographic program in Juan de Fuca Strait was both an inves- 
tigation into the flushing process of the Strait of Georgia, involving 
current measurements simultaneous with those in Johnstone Strait (Insti- 
tute of Ocean Sciences, Patricia Bay, Data Record Volume XIV, 1976), and 
an attempt to obtain current observations as input to the Strait of 
Georgia numerical tidal model. Continuous records of currents (and 
temperature and conductivity at some locations) were obtained over a 
period of three months, and at two stations for a period of five and one 
half months. 


Time series of temperature and salinity profiles were taken at twenty- 
two stations during the time the current meters were in place, and at 
nine stations in the period June to December, 1973, when there were no 
current observations. For information on these measurements see Univer- 


sity of British Columbia, Institute of Oceanography, data reports Nos. 
38 and 39, 1976. 


2. INSTRUMENT DEPLOYMENT 


Six arrays were bottom-moored across Juan de Fuca Strait from one mile 
west of Pillar Point, Wash., to one mile west of Point No Point; B.C? 
(Figure 1). Each array consisted of from two to five current meters 
with each meter attached to its own buoyancy float by a three-metre 
length of 3/4 inch polypropylene rope (Figure 2). The anchoring system 
consisted of two anchors joined by a one-inch polypropylene ground line. 
One anchor consisting of two railway wheels was placed under the meter 
string and the other anchor of one railway wheel was attached to the 
other end of the 600 metre ground line, used to recover the arrays. The 
arrays were moored from March 6, 1973 to June 14, 1973 and were serviced 
once during this time (April 13-19). On the first deployment (March 6 - 
April 16) nineteen CMDR current meters and four Aanderaa current meters 
were used (Figure 3) and on the second deployment fifteen CMDR current 
meters and eleven Aanderaa current meters were used (Figure 4). At the 
end of this period two of the meters were re-deployed at different 
stations and recovered on August 30, 1976. All moorings were laid from 
the C.S.S. Parizeau. 


The positions have been labelled 1 to 6 starting from the Vancouver 
Island, or north side of the strait. In the Georgia Strait - Juan de 
Fuca Strait complex this is the eleventh cross-section line, and in our 
standard three-figure notation for station numbers and three figures for 
depth (in metres from the surface), the current meters are designated by 
a six-figure number (e.g. 113180 - line 11, station 3, depth 180 m) and 
used throughout this paper to identify each position where measurements 
were taken. 


The current meters were moored at depths of 15, 50, 100, 150 and 180 
metres from the surface. The two end arrays, moored in shallower water 
than the middle four, carried two meters each, while Station 2 carried 


four meters and the other three stations carried five meters each. At 
Stations 2, 3, 4 and 5 the current meters at the 15 m and 50 m depth were 
placed on separate moorings in order to minimize losses should a tug's tow 
line become entangled in the floats and meters. At Station 3, an additional 
mooring was laid to provide a comparison between the records of a CMDR 

meter and an Aanderaa meter at the same depth (Figure 3). 


At Stations 1 and 6 a surface marker buoy (donut type fitted with flashing 
lights and radar reflectors) was moored from the single railway wheel at 

the end of the ground line. These were used to aid in the recovery of the 
array because of the difficulty in dragging for a ground line over a 
steeply sloping bottom. The current meter moored at the 15 m depth at 
Station 2 was snagged by a tow line after being in position for twenty days. 
The whole array, including the anchors, was towed off position and was not 
discovered until the tug commenced shortening the tow line preparatory to 
crossing the bar at the entrance to the Columbia River, a total of 180 miles. 
The current meter and sub-surface buoy were returned in good operating 
condition. 


A total of 276 STD casts were made at twenty-two stations during the time 
the current meters were in position (see I.0.U.B.C. data report 38). A 
further 219 STD casts were made at ten stations in the period June to 
December, 1973 (see 1.0.U.B.C. data report 39). 


3. INSTRUMENTS 


Two makes of current meters were used on this project, the Aanderaa RCM4 and 
the Neyrpic CMDR. The former current meters recorded the average speed over 
a 15 minute interval and the instantaneous direction at the end of each 
period on 1/4 inch magnetic tape. In addition, every Aanderaa meter recorded 
the temperature, three recorded the pressure and two the conductivity. The 
manufacturer's specifications for the Aanderaa current meters are: 

direction +5°, temperature +0.1°C and pressure +1%; speed and conductivity 
are not specified but the speed range is given as 1.5-250 cm/sec. 


Since it was not possible at the time to calibrate the pressure sensors for 
absolute depth or long-period drift, only short term relative changes in 
pressure are valid. The Neyrpic CMDR current meters accumulate a pulse 

count from an impeller and, together with an instantaneous compass direction, 
are punched on a Friden paper tape every ten minutes. The manufacturer 
specifies that the operating range of the instrument is 3-600 cm/sec with 
the relationship between current speed and impeller speed accurate to 

within YW. 


The STD casts were made on a Bissett-Berman model 9006. Calibration of the 
instrument was based upon the numerous casts made during the oourvey: These 
suggest that on the average the instrument ranged from 0.12 °/oo high at 

the surface to 0.16 °/oo high at a depth of 220 m, while temperature 

readings were nearly 0.08°C low at all depths. Manufacturer’ s specifications 
for this instrument are +0.03°C for temperature, +0.05 °/oo for salinity 

and +1% for depth. 


4. RESULTS 


a O Mooring Motion 


Because of subsurface floatation there was, at times, considerable tilt in 
the lines. In 1975 when a survey in Juan de Fuca Strait was carried out 
using nine Aanderaa current meters, of which six recorded pressure, ‘it was 
found that under the most adverse conditions the line tilt was 39° (Fissel 
and Huggett, 1976). The spindle on the Aanderaa meter is so designed that 
it can tilt only 30° with respect to the mooring, and the allowable tilt 
of the current meter is 10° before any changes in the response are noted. 
On the CMDR current meters the tail fin assembly is 1.4 m from the 
suspension point giving the meter a fairly good levelling moment. The 
impeller is accurate to +10° from the horizontal, so that possibly a few 
readings at maximum current during spring tides are less than they should 
be, but for the most part they should give a true reading. 


Nominal depths have been used to show the data, and no corrections have 
been applied to the speeds. 


4.2 Current Observations 


Of the thirty-five CMDR current meter stations only six functioned over the 
full mooring period, four recorded just over 75% of the time, and the 
remainder ran for varying lengths of time (Table 1). Of the sixteen Aanderaa 
current meter stations, nine recorded throughout the full period, one meter 
lost its rotor when being moored, and the others gave incomplete lengths of 
record due to a variety of reasons (Table 2). 


The data shows that the current speed varies from just under 125 cm/sec 
(2.5 knots) on the surface to 75 cm/sec (1.5 knots) near the bottom. The 
principal semi-diurnal component M2 changes very little over the whole 
cross-section, averaging around 48 cm/sec with a phase angle of 245°. 
Similarly with Kj, there is very little change over the cross-section, 
averaging 29 cm/sec with a phase angle of 254°. The residual current shows 
a down-strait or west-going current in the upper portion of the strait, and 
an up-strait or east-going current in the lower half. The line of null 
velocity slopes upward from around a depth of 110 m on the north side of 
the strait to the surface on the southern side about one half mile off shore. 
(Figure 5). The two currents have the same maximum speed of around 14.5 
cm/sec with the maximum west-going current being on the surface in the 
centre of the strait, and the maximum east-going current centred about the 
middle of the east-going portion of the cross-section. 


At stations 112100 and 115100 the current meters were left in place for an 
additional 76 days. However, the current meter at station 112100 failed to 
operate after 46 days. From the analysis of station 115100 of 178 days of 

continuous records we were able to extract the constituent P, from Kj. 
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Figure 2: ANCHORING SYSTEM USED IN JUAN DE FUCA STRAIT 
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ABSTRACT 


Current meter data from the Southern Beaufort Sea for the years 1973, 
1974 and 1975 are summarized. Co-tidal charts are presented of the 
constituents M, and K, for the tidal streams and tides. Temperature 


and salinity méasureménts coincident with the current observations 
are also shown. 
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Introduction 


The data presented in this report were collected as part of the 
baseline environmental studies known as the Beaufort Sea Project. 

A summary of the data and a description of the bottom currents over 

the continental shelf at the mouth of the Mackenzie River are 
contained in Huggett, W.S. et al, 1975, Near Bottom Currents and 
Offshore Tides, Technical Report No. 16, Beaufort Sea Project, Victoria. 


Instrument Deployment 


The moorings were deployed at three different times, October 1973, 

May 1974 and April 1975. In October 1973 three current meters and 

two pressure gauges were moored in Stations 12, 13 and 14 (Fig. 1). 
Stations 13 and 14 had both a tide gauge and current meter while 
Station 12 had a current meter only. These moorings were lowered 

from a helicopter through leads in the ice into about 40 m of 

water. Due to the heavy ice prevalent throughout the summer of 

1974, only Station 13 became ice free and then only the pressure gauge 
was recovered. The other stations were searched for in 1975 but 
without success. 


In May 1974 ten moorings, each consisting of a tide gauge and current 
meter (Fig. 2), were moored in Stations 1, 3 - 11 (Fig. 1). These 
moorings were put down through holes in the ice that had been blasted 
out by drilling five holes (in the shape of a dice 5) and then setting 
off ten pounds of Geogel in the centre hole. Again, due to the heavy 
ice present that year, only one station became ice free, Station 4. 
Both the current meter and pressure gauge were recovered. However, in 
1977 the current meter and tide gauge of Station 11 were recovered. 


In April 1975, a further eight moorings were deployed in Stations 
bo, 8 991 f1> and 2S 71g] Som Petthe mooring srcon sisted) of a 
current meter and pressure gauge (Fig. 2). The ice’ cover ‘this year 
had far more leads and patches of open water than the previous year, 
making it possible to lay the moorings by allowing them to free 

fall to the bottom after being lowered into the water from a heli- 
copter. All stations were recovered except Station 3, and of the 14 
instruments recovered only one pressure gauge failed to work. After 
picking up these instrument arrays during the first week in August, 
three were relaid in Stations 3, 5 and 13. All three moorings had a 
current meter and pressure gauge (Fig. 3), and were moored from the 
M.V. Theta, the vessel used to recover the moorings. Stations 5 and 13 
were recovered in the early part of September, but Station 3 was 
covered in ten-tenths ice and so was again not recovered. 


In August 1976, the mooring in Station 3 was recovered from the 
M. V. Nahidik. It is believed that the anchor must have either been 
turned upside-down by the ice or have landed on the steep slope of a 


scour caused by ice, as the mooring did not come to the surface when 
released. The ship's anchor chain was used to knock the mooring loose, 
and in so doing the pressure gauge was lost. 


Instruments 


The current meters were all Aanderaa RCM 4 meters equipped to record 
either temperature, pressure or conductivity, or some combination of 
these three, as well as current speed and direction. The offshore 
pressure gauges used in 1974 and 1975 were all Aanderaa TGIA or 

TG2A meters, and in 1973 two University of British Columbia (U.B.C.) 
pressure gauges were used. All of the above instruments were set to 
record every half hour on magnetic tape with the exception of the two 
U.B.C. pressure gauges, which recorded every 5 minutes. 


The acoustic releases used were Interocean models 1000-R and 1002-R 
in 1973 and 1975, and AMF model 395 in 1974. 


Results 


The tidal streams on the shelf about 3 m off the bottom are very small, 
in the order of 2 - 3 cm sec™* and are predominantly semi-diurnal. M2 
is the dominant constituent with the largest recorded amplitude of 

2.2 cm sec-! at Station 13. Off the northern end of Baillie Island the 
amplitude of Mz drops to 0.7 cm sec~! while the amplitude of Ky 
increases to 1.0 cm sec-! from an average of 0.3 cm sec™* on the shelf. 
The streams, therefore, become quite diurnal off the northern part of 
Baillie Island:(Figs. 4: 5,) 6 and) 7)... At Station] 1,in, 1974 «the, current 
meter was deployed at mid-depth and the tidal energy present at this 
depth (25 m) is far greater than that near the bottom (50 m)._ The 
amplitude of Mz is 7.4 cm sec-! and that of Kjg 5) 64.6 -cm sec-!, the 
streams remaining slightly semi-diurnal (Mj7/K, = 1.12). Where on the 
bottom the current ran at all times between 10°and 70°, at mid-depth 

it ran from 0° - 110° for only 72% of the time, though between 270° 
through north to 110° it ran for 94% of the time. The residual current 
is of the same order as that near the bottom, 6.2 cm sec7L, the direction 
is only 29°T compared with the 50°T at Station 11 and 55°T at Station 
10. 


The phase angle of the main tidal stream constituent, M2 appears to 
be out of phase with the phase of the tidal constituent Mj. In the 
latter case the tide appears to advance across the shelf from west 

to east, whereas in the former case the tidal streams advance from 

east to west. Why this is so is not yet fully understood. 


The residual currents along the shelf vary from 0.4 cm sec7! at those 
stations in close proximity to the Mackenzie River delta to 

8.2 cm sec-! for those stations on the edge of the shelf (Fig. 8). 
During periods of storm activity in the Beaufort Sea, the currents 
attain speeds of 20 cm sec~! or greater regardless of whether there is 
Leereavenyer rot: 


Plots of rotary spectral amplitudes, have been included for the first 
time in this report series. These are calculated using the convention 
established by Mooers.t Record lengths consisting of a number of 
records equal to some power of two were used in computing the raw 
Fourier amplitudes and phases. No averaging has been performed so that 
confidence limits must be estimated directly from the plots. 


+ Mooers, Christopher N.K., 1973. A technique for the cross spectrum 
analysis of pairs of complex-valued time series, with emphasis on 
properties of polarized components and rotational invariants, Deep Sea 
Research, Volume 20, pp 1129 - 1141. 
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Figure 2. Anchoring system used in the Beaufort Sea under ice cover. 
(Unit moored on bottom by lowering through hole in ice.) 
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Figure 3. Anchoring system used in the Beaufort Sea when ice free. 
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